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Improved Method of Drawing a Waveguide Preform 
Background of the Invention 

The invention is directed to a method and apparatus for heating and 
stretching a glass preform to produce a glass rod having a uniform, pre-selected 
5 diameter, while limiting excursions of the rod diameter from the pre-selected 
value. The novel method and apparatus begins control of the diameter of the 
glass rod as soon as a portion of the preform reaches a temperature which 
causes the preform portion to soften and begin moving downward under the 
influence of gravity. 

10 An efficient method for making a draw preform, from which optical 

waveguide fiber can be drawn, includes first making a core preform. The core 
preform is heated and stretched into a plurality of core rbds which serve as bait 
rods for depositing cladding glass. Waveguide fiber performance depends 
critically on the geometric uniformity and the dimensions of the core and 

15 cladding glass. Thus, careful control of preform geometry is required to insure 
proper geometry of the final waveguide fiber. 

In particular, control of the geometry of the core rods drawn from the core 
preform is crucial. The roundness of the final waveguide fiber as well as the 
relative core to clad diameter ratio and concentricity depend upon control of the 

20 absolute core rod dimensions and the uniformity of the dimensions from point to 
point along the core rod. The step of drawing the core rod from the core 
preform has become even more important due to the recent increase in demand 
for very high performance waveguide fibers. Low attenuation and high 
bandwidth depend strongly on waveguide geometry. In addition, the cost of core 

25 dopants such as germanium continue to increase, thus providing motivation to 
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improve utilization of the core preform, which contains essentially all of the 
dopant material used in the waveguide manufacturing process. 

The most inefficient part of the core rod drawing process is in the initial 
step. The preform is lowered into a furnace until the preform tip and a portion of 
the preform adjacent the tip is within the furnace hot zone. The preform portion 
softens and a gob of glass begins to flow from the preform tip. As the glass gob 
stretches away from the preform tip, the gob of glass, which is suspended from 
the preform by a strand of glass, emerges from the furnace where it can be 
gripped by a mechanical device. Once the glass strand is gripped, the 
geometry control algorithm, which includes grip device velocity and tension in 
the glass, is activated and the diameter of the strand is brought to a target 
value. The target velocity refers to the velocity of a point on the glass rod 
measured at a time when the process is steady state and the diameter of the rod 
is nominal. The control parameters are: 

- furnace temperature; 

- drawing (grip) velocity; 

- drawing tension; and, 

- feed rate of the preform into the hot zone. 

The variables are closely interrelated. For example, a decrease in 
furnace temperature will cause drawing velocity to decrease unless the drawing 
tension is increased. If drawing tension is increased without increasing furnace 
temperature or downfeed rate, rod diameter will fall below target value. For 
proper diameter control, continuous measurements of diameter must be taken 
and the control parameters adjusted, usually semi-continuously. Typically, a 
computer is interfaced with the control devices of a preform drawing apparatus 
and an algorithm is employed to control the diameter of the drawn glass rod. 

Control of the interactive drawing parameters is most accurate when the 
glass rod diameter is close to the target value, i.e., when only small changes in 
control parameters are needed. A problem intrinsic to the preform drawing 
process is the distance the initial gob of glass must travel from the preform 
before the connecting glass strand or rod can be gripped and fully controlled 
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drawing can begin. The glass strand may have a diameter as much as a factor 
of ten smaller than the target diameter before the strand can be gripped and 
diameter control begin. The result is an appreciable fraction, as much as 25%, 
of core preform glass can be lost in the gob drop and the off target rod length 
5 drawn while the required large diameter correction is made. 

Thus there is a need in the waveguide manufacturing process for an 
improved preform drawing method and associated apparatus which decreases 
preform glass losses, thereby decreasing cost and increasing equipment 
utilization, by controlling the diameter of the drawn rod from the beginning of 
10 glass gob drop, i.e., before the glass is gripped. In particular, greatest savings 
in time and materials is achieved when diameter control begins before the 
diameter of the glass strand stretching between the gob and the preform body 
has deviated far from the target diameter. 

15 Summary of the Invention 

The present invention meets the need for improved control of the initial 
stages of the preform drawing process. 

A first aspect of the invention is a method of controlling the diameter of a 
glass rod drawn from an elongated preform. The preform is suspended 

20 vertically in the furnace so that the preform tip and a preform portion adjacent 
the tip is in the furnace hot zone. The preform is heated until the preform 
softens and a gob of glass begins to drop away from the preform under the 
influence of gravity. A strand or rod of glass, connecting the gob and the 
remainder of the preform, is drawn along with the gob. In a key process step, 

25 the velocity of the moving gob is measured while the diameter of the connecting 
strand differs from target diameter of the rod by no more than +/- 75%. This 
velocity measurement may be used in two ways. A data base containing the 
velocity measurements can be compiled and analyzed to find the furnace 
temperature which provides a gob drop velocity consistent with the preselected 

30 rod diameter. Starting the draw procedure at this empirically determined 

furnace temperature insures the rod diameter during gob drop will remain within 
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the range +/-75% of target diameter. When the furnace start temperature is 
well characterized, there is often no need to adjust furnace temperature in the 
time interval between beginning of gob drop and the engaging of the gripper. In 
one embodiment of the method the furnace is set at a first temperature to heat 
the tip of the preform. Once a gob has formed the furnace is set to a second 
temperature which is maintained until the gob has dropped through the furnace 
and the gripper is engaged. In general the first temperature is higher than the 
second temperature. The first temperature is generally in the range of 20 °C to 
100 °C higher than the second temperature. The gripper is a mechanical device 
which grasps and pulls the glass rod after it has emerged from the furnace. 
Diameter of the rod at the iime the gripper is engaged is typically much less 
than +/- 75 % of target value. However, the method and apparatus will function 
when initial rod diameter is within the +/- 75 % range. 

As an alternative, the furnace temperature may be adjusted during gob 
drop to maintain the rod within +/-75% of the target rod diameter. Also, this 
quasi-continuous adjustment method may be employed in cases in which an 
empirical furnace gob drop temperature is not known. The target drawing 
velocity, which is associated with the target rod diameter, may be calculated 
from the preform diameter and the target diameter. Diameter control of the rod 
begins when the first measurement of velocity is completed. If the velocity is 
higher than target, the furnace temperature is decreased and conversely for 
cases in which rod diameter is below target As successive velocity 
measurements are made, furnace temperature is adjusted as the gob drops 
through the furnace. When the gob and its trailing rod have emerged far 
enough from the furnace to be gripped, the velocity measuring means is pivoted 
out of the path of the gob drop and a gripping means is employed to continue 
the drawing of the rod. The initial downward velocity of the gripping means is 
set at a fraction of the last velocity measured by the measuring means. An 
acceptable initial gripper velocity which is at least about 40 % of the last 
measured velocity has been found acceptable. A preferred initial gripper 
velocity is about 55 % of the gob velocity measured just before the gripper 
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engages the rod. The velocity measurements together with the preform 
dimensions also are used to determine the proper rate at which the preform 
should be lowered into the furnace hot zone. The preform rate of movement 
derives from the calculation which balances the mass moving into the hot zone 
with that moving out of the hot zone. 

In an embodiment of the novel preform drawing method, after the gripper 
is engaged, the draw tension is held constant at a pre-selected value and 
diameter is controlled by adjusting the other control parameters. 

Because diameter control begins at a very early stage of gob drop, the 
diameter is never allowed to reach a value too far from the target value. The 
time to reach target diameter is greatiy reduced and preform utilization is 
dramatically improved. 

The method is most effectively employed by making the first velocity 
measurement early enough in the process to insure the gob velocity is less than 
the target velocity. The measurement means must therefore be moved into the 
furnace to sense the gob just as it leaves the tip of the preform. Thus, the 
sensing portion of the measuring means must be made of a heat resistant 
material. 

The control of the furnace temperature and other parameters which 
determine rod diameter is best carried out using a computer programmed with 
an appropriate control algorithm based upon preform dimensions, gob velocity 
and target velocity, and other pertinent variables effective to control rod 
diameter, such as rod tension.. Setting the initial gripping means velocity equal 
to an appropriate fraction of last measured gob velocity affords a smooth 
transition from initial diameter control to steady state diameter control. Steady 
state control begins when the gripping means begins to draw the rod from the 
preform. Excellent initial control and transition to steady state control is 
achieved in the case where the initial gripper velocity is lower than the last 
measured gob velocity. It is of course possible to bring the process to steady 
state when, initially, gob velocity is less than initial gripper velocity. 
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An embodiment of the measurement means includes, a heat resistant 
plate and an associated sensor which senses contact between the plate and the 
gob. The plate indexes a pre-selected distance away from the gob immediately 
after contact is sensed. When the gob again makes contact with the plate, the 
gob velocity is calculated from the known time of travel and distance of travel of 
the gob. This measurement sequence is repeated as the gob drops through the 
furnace. 

In one embodiment of the plate and sensor combination, the sensing 
means is a scale mechanism which measures gob weight supported by the 
plate. In a preferred embodiment, a gob and plate contact is registered when 
the gob weight supported by the plate is no greater than 10 grams. 

A second aspect of the invention is an apparatus for controlling the 
diameter of a rod drawn from a preform. The apparatus includes a furnace 
mounted vertically on a frame. A preform suspension device, which can move 
to center the preform in the furnace in a horizontal plane and move the preform 
up or down in the furnace, is located above the furnace. 

The means for measuring the gob velocity is located below the furnace 
and is mounted so that it can move vertically up or down. It is convenient to 
provide a mount for the measuring means which can be pivoted or slid out of the 
path of the dropping gob when enough of the gob and associated glass strand 
have emerged from the furnace to- allow the gob and glass strand to be gripped. 
The gripping means is also located below the furnace and is moved into position 
for gripping the glass rod after the velocity measuring means has been pivoted 
or slid away from the emerging glass gob. 

The measuring means, the preform suspension means and the gripper 
means are motor driven, typically by precision stepper motors. The motors may 
be controlled by a computer which is interfaced with them. The computer may 
contain the algorithm for adjusting furnace temperature, preform movement, and 
velocity sensor movement in the initial stage of preform drawing which begins 
with the start of gob drop. The computer may also contain the algorithm which 
includes gripper velocity control so that a smooth transition can be made 
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between the initial drawing stage and the drawing stage in which the gob and 
associated glass strand have been engaged by the gripper. 

In an embodiment of the apparatus, a means for measuring force applied 
to the preform, i.e., preform tension, is incorporated into the gripping means. 
5 The measuring means may be a load cell. The tension so measured may be 
used as an adjustable parameter in the model for maintaining rod diameter 
control. It is advantageous to control furnace temperature based upon this 
tension measurement. As an alternative, the means, such as a load cell, may 
be used to maintain constant applied tension during the preform drawing 
1 0 process 

Brief Description o f the Drawings 

Fig. 1 is a block schematic of the apparatus for drawing a rod from a 
preform. 

15 Fig. 2 is a block schematic of the drawing controls interfaced with a 

controlling means. 

Fig. 3 is a chart of rod diameter versus time typical of the original as 
compared to the invented process. 

20 Detailed Description of the Invention 

The block schematic of Fig. 1 shows the parts of the apparatus and their 
approximate relative locations. A rigid frame 2 supports the components of the 
preform drawing equipment comprising a furnace 4, a velocity measurement 
means 12 supported by means 14, and means for gripping and pulling a rod 

25 from the preform, 16 which is supported by means 18. The preform 8 is 
suspended in the furnace by holding means 6. The furnace hot zone is 
indicated as the region 10. 

The axes 3 drawn next to the holding or supporting means 6, 14, and 18 
indicate these supports are mounted to move in the horizontal and vertical 

30 planes. Thus the support 6 can center the preform 8 in furnace 4 and move the 
preform into or out of the furnace. Support 14 can center the velocity measuring 
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means 12 on the bottom opening of the furnace and move the means 12 toward 
the preform tip to sense the gob velocity. The support 14 is mounted so that it 
can slide or pivot measuring means 12 away from the path of the gob. The 
support 18 positions the gripping means in the horizontal plane to grip the gob 
5 and trailing rod as they move out of the furnace. The support moves the 

gripping means toward the furnace to first grip the rod and then away from the 
furnace to draw the rod. To ensure a smooth movement of the drawn rod after 
gripping, at least two independently moving gripping means may be used. After 
the first gripping means has gripped the rod and is near the end of its travel 
10 away from the furnace, a second gripping means is moved into position to grip 
the rod near the location at which the rod emerges from the furnace. In this way 
a constant drawing tension may be maintained in the drawn rod until the preform 
is consumed. 

A schematic of the diameter controls is shown in Fig. 2. The holding and 

15 moving means 6, 14, and 18, as well as the temperature control of the hot zone 
10, are connected through an interface 22 to a computer 20. A signal 
proportional to the rate of movement of moving means 6 and 14 or 18 is sent to 
the computer. The movement data is compared to a calculated target rate of 
movement based upon preform geometry and target diameter of the drawn rod. 

20 A sensor sends hot zone temperature to the computer. The computer can then 
adjust the feed rate of the preform into the hot zone and the temperature of the 
hot zone 10 to arrive at a drawn rod speed which provides the target diameter. 
The furnace hot zone temperature 10 may be controlled using rod tension as 
the control parameter. The rod tension may be measured by a load cell (not 

25 shown) attached between the gripper and the gripper holding means. 

In the initial stage of drawing the rod, the gripping means is not engaged 
and rod speed is determined chiefly by hot zone temperature. The feed rate of 
the preform is adjusted to maintain a balance of mass flow into and out of the 
hot zone. When the glass gob and the trailing rod, i.e., the rod of drawn glass 

30 between the preform and the gob, emerge from the furnace, the velocity 

measuring means is slid or pivoted away and the gripper means moved into 
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position to grip and pull the rod from the furnace. A steady state is reached 
when furnace temperature, gripper velocity, and down feed rate are such as to 
provide a drawn rod of the pre-selected target diameter. 

Those skilled in the art know that once the rod has emerged far enough 
5 out of the furnace, a real time diameter measurement of the rod may be made 
and sent to the computer for use in the diameter control algorithm. The 
diameter measuring device, which is commercially available, is not shown. Also 
the type furnace suitable for this process is known in the art and thus is not 
discussed at any length here. 
10 Example 

A preform of silica based glass doped with germania was drawn into a 
rod using a graphite induction furnace. The initial diameter of the preform was 
76 mm. The target diameter of the drawn rod was 23 mm. The preform tip was 
lowered into the hot zone of the furnace which was initially set at 1915 °C. This 

15 temperature was empirically determined as suited to the preform. After the gob 
had formed the furnace hot zone temperature was reduced to 1 880 °C and 
maintained there while the gob dropped through the furnace. No further 
adjustment of temperature was needed prior to engaging the gripper. The gob 
velocity measuring means comprised a K-Karb R plate and rod mounted on a 0 - 

20 300 gram load cell. The plate was moved in the vertical direction by means of a 
linear slide and motor. The plate and rod, load cell, and linear slide and motor 
are available from Lintech, Monmouth California. An air slide was provided to 
allow the assembly to be moved out of the drawing path once the gob and 
trailing rod had emerged a sufficient distance out of the furnace to allow 

25 gripping. The plate could be positioned with an accuracy of +/- 1 mm. The 

initial position of the plate was 5 mm below the tip of the preform. The control 
program was set to index the plate downward by 3 mm as soon as a weight of 
10 grams was supported by the plate. When the gob again produced a 10 gram 
load on the plate, the average velocity of the gob was calculated using the 

30 measured travel time over a preselected distance. The velocity measurements 
were repeated about 30 times as the gob moved away from the body of the 
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preform. In this experiment, the furnace hot zone temperature was not adjusted, 
as noted above. However an adjustment could have been made after every 
velocity measurement. 

The target gob velocity was calculated to be 180 mm/sec. The diameter 
of the rod when it was engaged by the gripper was in the range 1 8 - 23 mm, a 
value very close to the target diameter. The initial velocity of the gripping 
means was set at 55 % of the last measured velocity of the gob. 

By measuring gob velocity from the beginning of gob drop, it was 
possible to choose a constant furnace temperature which provided for an initial 
rod diameter rod near the target value. The diameter of the rod was held to 
within + 1 mm and -5 mm of the target value. Because this tolerance was held 
over the gob drop time interval using the novel drawing process, the utilization 
of the preform, which is defined as the ratio of the rod weight to the preform 
weight, was 75 % as compared to 61.8 % using the original rod drawing 
process. Note that savings in germanium usage are directly proportional to the 
improvement in preform utilization. 

A comparison of the invented process to the original rod drawing process 
is shown in Fig. 3. The original method, characterized by curve 24, shows a 
steep downward trend during gob drop. About one third of the drawing time is 
used in bringing the rod diameter to the target value, indicated as 1 on the y- 
axis. The flat diameter versus time curve 26, representative of the novel 
process shows a much improved response time and greater utilization of the 
preform. 

Although particular embodiments of my invention have herein been 
disclosed and described, the scope of my invention is nonetheless limited only 
by the following claims. 
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I claim: 

1 . A method of controlling the diameter of a glass rod drawn from an elongated 
glass preform, having a long axis and a first end, comprising the steps: 

a) suspending the glass preform in a furnace having a hot zone of 

5 adjustable temperature, using suspending means which can move the preform 
along its long axis, 

wherein, the preform long axis is positioned vertically and a portion of the 
preform including the first end is in the furnace hot zone; 

b) heating the preform until the first end of the preform softens and a gob 
10 of glass, including the first end, begins to move downward to form a glass rod 

connecting the gob and the preform, the glass rod having a diameter smaller 
than the preform diameter; 

c) measuring the velocity of the moving gob while the diameter of the 
drawn glass rod connecting the gob to the preform is at a diameter which differs 

1 5 from a preselected target diameter by no more than 75 %; 

d) adjusting, if required, the furnace hot zone temperature to match actual 
and target gob velocity, the target gob velocity determined from the preform 
dimensions and a target rod diameter, so that the rod diameter during gob drop 
is held within +/- 75 % of the rod target diameter; 

20 e) gripping the gob using movable mechanical means, the mechanical 

means having a load cell for measuring tension applied to the rod by the 
gripping means; 

f) moving the gripping means away from the preform at least at 40 % of 
the last measured gob velocity; 

25 g) measuring the diameter of the rod; 

g) adjusting the velocity of the gripping means, using the measured rod 
diameter, and the furnace hot zone temperature, using the measured rod 
tension, to match the diameter of the rod to a target diameter; and, 

h) moving the preform along its long axis into the hot zone at a rate which 
30 balances the mass flow into and out of the furnace hot zone. 
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2. The method of claim 1 wherein the initial gripper velocity is set at 55 
% of the gob velocity measured immediately before engaging the gripper. 

3. The method of claim 1 wherein computing means is used to compare 
5 measured gob velocity to target velocity and to calculate the furnace 

temperature change required to match measured velocity to target velocity and 
the computing means is used to set the preform movement rate required to 
effect a mass flow balance into and out of the furnace hot zone. 

10 4. The method of claim 3 wherein the computing means is interfaced 

with controlling means which receive signals from the computing means to 
adjust furnace hot zone temperature and preform movement rate. 

5. The method of claim 1 wherein the gob velocity is higher than the 
15 target velocity when the gripping means begins to move the gob. 

6. The method of claim 1 wherein step (1c), measuring the gob velocity, 
further includes the steps: 

a) sensing a contact between a plate and the gob; 
20 b) indexing the plate away from the gob by a pre-selected distance; 

c) again sensing a contact between a plate and the gob; and, 

d) repeating steps (6a) to (6c). 

7. The method of claim 6 wherein the contact sensor measures the gob 
25 weight supported by the plate. 

8. The method of claim 7 wherein the gob weight supported by the plate 
is no greater than 10 grams. 
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9. The method of claim 1 in which step b) comprises heating the preform 
tip at a first temperature until the gob forms and then reducing to a second 
temperature while the gob drops through the furnace. 

5 10. The method of claim 9 in which the first temperature is greater than 

the second temperature by an amount in the range of 20 °C to 100°C. 

11. An apparatus for controlling diameter of a glass rod drawn from an 
elongated preform, comprising: 
10 a frame; 

a furnace fixedly attached to the frame, the furnace having a hot zone, 
hot zone temperature adjustment means, and a vertical axis; 

suspension means movably attached to the frame above the furnace for 
holding and moving a glass preform into or out of the furnace; parallel to the 
15 vertical axis of the furnace, a portion of the preform being held in the hot zone of 
the furnace so that a portion of the glass preform will soften and move 
downward out of the furnace; 

a sensing plate movably attached to the frame below the furnace, to 
move parallel to the vertical axis of the furnace and pivotally attached to the 
20 frame to pivot away from the vertical axis of the furnace, wherein the sensing 
plate measures the velocity of glass moving downward; 

movable means for gripping the glass, which moves out of the furnace, 
and pulling the glass downward parallel to the axis of the furnace; 

first moving means for moving the sensing plate parallel to the vertical 
25 axis of the furnace; 

second moving means for moving the suspension means parallel to the 
axis of the furnace; 

third moving means for moving the gripping means parallel to the axis of 
the furnace; 

30 computing means, interfaced with the hot zone temperature adjusting 

means, the sensing plate, the first moving means, the second moving means, 
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and the third moving means, for receiving velocity data from the sensing plate, 
adjusting the hot zone temperature to bring the glass velocity into 
correspondence with a pre-seiected velocity, bringing gripper velocity into 
correspondence with the pre-selected velocity, and adjusting suspension means 
5 velocity to achieve a mass balance of glass entering and leaving the furnace hot 
zone. 

12. The apparatus of claim 1 1 wherein the first, second and third 
moving means are stepper motors. 

10 

13. The apparatus of claim 1 1 wherein the gripping means includes 
means for measuring the tension in the preform during drawing and the tension 
measurement is sent to the computing means for use in adjusting furnace hot 
zone temperature. 

15 
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